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$EVWUDFW
,PSODQWDVVRFLDWHG LQIHFWLRQV ,$, DUH D GUHDGHG FRPSOLFDWLRQ PDLQO\ FDXVHG E\ ELRILOP
IRUPLQJVWDSK\ORFRFFL ,PSODQWVXUIDFHVSUHYHQWLQJPLFURELDOFRORQL]DWLRQZRXOGEHGHVLUDEOH
:H H[DPLQHG WKH SUHYHQWLYH HIIHFW RI D VLOYHUFRDWHG WLWDQLXP DOXPLQLXP QLRELXP 7L$O1E
DOOR\.7KHVXUIDFHHOLFLWHGDVWURQJ LQRFXOXPGHSHQGHQWDFWLYLW\DJDLQVWStaphylococcus S.
epidermidis DQG S. aureus LQ DQ DJDU LQKLELWLRQ DVVD\ *DPPD VWHULOL]DWLRQ DQG DOFRKRO
GLVLQIHFWLRQ GLG QRW DOWHU WKH HIIHFW ,Q D WLVVXH FDJHPRXVHPRGHO VLOYHU FRDWLQJ RI 7L$O1E
FDJHVSUHYHQWHGSHULRSHUDWLYHLQIHFWLRQVLQDQLQRFXOXPGHSHQGHQWPDQQHUDQGOHGWRD
 SUHYHQWLRQ UDWH DIWHU FKDOOHQJH ZLWK  [  &)8 S. epidermidisFDJH ,Q S. aureus
LQIHFWLRQV VLOYHU FRDWLQJ KDG RQO\ OLPLWHG HIIHFW 6LPLODUO\ GDSWRP\FLQ RU YDQFRP\FLQ
SURSK\OD[LVDORQHGLGQRWSUHYHQWS. aureusLQIHFWLRQV+RZHYHUVLOYHUFRDWLQJFRPELQHGZLWK
GDSWRP\FLQ RU YDQFRP\FLQ SURSK\OD[LV WKZDUWHG PHWKLFLOOLQUHVLVWDQW S. aureus LQIHFWLRQV LQ
 RU  UHVSHFWLYHO\ 0RUHRYHU VLOYHU UHOHDVH IURP WKH VXUIDFH ZDV LQGHSHQGHQW RI
LQIHFWLRQDQGRFFXUUHGUDSLGO\DIWHULPSODQWDWLRQ2QGD\DSHDNRIJ$JPOZDVUHDFKHG
LQ WKH FDJH IOXLG FRUUHVSRQGLQJ WR DOPRVW WLPHV WKHPLQLPDO LQKLELWRU\ FRQFHQWUDWLRQRI WKH
VWDSK\ORFRFFL &\WRWR[LFLW\ WRZDUGV OHXNRF\WHV LQ WKH FDJH ZDV ORZ DQG WHPSRUDU\
6XUURXQGLQJWLVVXHGLGQRWUHYHDOKLVWRORJLFDOVLJQVRIVLOYHUWR[LFLW\In vitro,QRHPHUJHQFHRI
VLOYHU UHVLVWDQFH ZDV REVHUYHG LQ VHYHUDO FOLQLFDO VWUDLQV RI VWDSK\ORFRFFL XSRQ VHULDO
VXELQKLELWRU\VLOYHUH[SRVXUH,QFRQFOXVLRQRXUGDWDGHPRQVWUDWHWKDWVLOYHUFRDWHG7L$O1ELV
SRWHQWIRUSUHYHQWLQJ,$,DQGWKXVFDQEHFRQVLGHUHGIRUFOLQLFDODSSOLFDWLRQ
2
ht
tp
://
do
c.
re
ro
.c
h
,QWURGXFWLRQ
7KH QXPEHU RI LPSODQWHG PHGLFDO GHYLFHV LV VWHDGLO\ ULVLQJ DQG KDV EHFRPH DQ HIIHFWLYH
LQWHUYHQWLRQ WR VXEVWLWXWH DQDWRPLFDO VWUXFWXUH RU ELRORJLFDO IXQFWLRQ 'HVSLWH WKH UDSLG
DGYDQFHPHQW LQPDWHULDO VFLHQFH DQG VXUJLFDO WHFKQLTXHV WKH EXUGHQ RI LPSODQWDVVRFLDWHG
LQIHFWLRQV ,$, KDV JURZQ UDQJLQJ EHWZHHQ  WR  GHSHQGLQJ RQ WKH W\SH RI VXUJLFDO
LPSODQW  7KLV FUHDWHV DQ LPPHQVH HFRQRPLF DQG KHDOWK FDUH SUREOHP  
,QIHFWLQJ PLFURRUJDQLVPV FDQ EH LQWURGXFHG HLWKHU LQWUDRSHUDWLYHO\ YLD GLUHFW FRQWDFW SRVW
RSHUDWLYHO\YLDFRQWLQXRXVVSUHDGWKURXJKWKHZRXQGRULQDODWHUVWDJHYLDWKHKHPDWRJHQRXV
RU O\PSKRJHQRXV URXWH  Staphylococcus S. aureus DQG FRDJXODVHQHJDWLYH
VWDSK\ORFRFFL LQFOXGLQJS. epidermidisDFFRXQW IRU WRRI WKHFDXVDWLYHEDFWHULD 
'XHWRWKHLUDELOLW\WRUDSLGO\IRUPELRILOPRQWKHLQHUWVXUIDFHWKH\PDQDJHWRJURZDQGHYDGH
QRWRQO\WKHGHIHQVLYHPHFKDQLVPVRI WKHKRVWEXWDOVRWKHEDFWHULFLGDODFWLYLW\RIDQWLELRWLFV
(IIHFWLYH WUHDWPHQWRI ,$, WKHUHIRUH LQYROYHVVXUJHU\RIWHQUHVXOWLQJ LQ WKHUHPRYDORI WKH
QRQVDOYDJHDEOHELRPDWHULDOIROORZHGE\DORQJFRXUVHRIDQWLELRWLFWKHUDS\
7KH VLJQLILFDQW GLIILFXOWLHV LQ WUHDWPHQW RI HVWDEOLVKHG ELRILOPV SURPSWHG UHVHDUFK RQ
HQJLQHHULQJ LPSODQW VXUIDFHV WKDW FRXOG UHVLVW PLFURELDO FRORQL]DWLRQ &XUUHQW DSSURDFKHV
LQFOXGHSK\VLFDOO\DFWLYHDQWLDGKHVLYHVXUIDFHVFRDWLQJVZLWKYDULRXVEDFWHULFLGDOPDWHULDOVDQG
PROHFXOHVZLWKTXRUXPVHQVLQJTXHQFKHUVRUHYHQZLWKKRVW LPPXQHPRGXODWRUV 0DQ\
SURPLVLQJin vitroGDWDDUHDYDLODEOH\HWVWXGLHVin vivo RUFOLQLFDOHYDOXDWLRQVDUHVFDUFH
6LOYHU LV SURPLVLQJ IRU FRDWLQJ LPSODQWV DV LW KDV D EURDG VSHFWUXP RI DQWLEDFWHULDO DFWLYLW\
DJDLQVW SODQNWRQLF DQG VHVVLOH *UDPSRVLWLYH DQG *UDPQHJDWLYH EDFWHULD LQFOXGLQJ PXOWL
UHVLVWDQWEDFWHULD 5HFHQWO\VLOYHUFRDWLQJRIFHQWUDOYHQRXVFDWKHWHUV
RIXULQDU\FDWKHWHUVDQGRIYHQWLODWRUHQGRWUDFKHDOWXEHVKDVEHHQVKRZQWRUHGXFH
WKH LQIHFWLRQ UDWH ,Q RUWKRSHGLF KDUGZDUH VLOYHU FRDWHG H[WHUQDO IL[DWLRQ SLQV  SUR[LPDO
IHPXURUWLELDPHJDSURVWKHVHVDQGWXPRUHQGRSURVWKHVHVVKRZHGDWUHQGWRZDUGVD
UHGXFWLRQ RI LQIHFWLRQV 'HVSLWH WKLV EURDG FOLQLFDO XVH OLWWOH LV NQRZQ DERXW WKH VWDELOLW\ RI
VLOYHUFRDWHG DOOR\V WKH HIILFDF\ RQ ELRILOPIRUPLQJ EDFWHULD HVSHFLDOO\ LQ FRPELQDWLRQ ZLWK
DQWLELRWLFVDQGWKHNLQHWLFVRIUHOHDVH0RUHRYHUVLOYHUKDVDEURDGUDQJHRIEDFWHULDOWDUJHWV
LQFOXGLQJ WKH UHVSLUDWRU\ FKDLQ     DQG KDV EHHQ VKRZQ WR LQGXFH UHVLVWDQFH LQ
*UDPQHJDWLYHEDFWHULDDQGWR[LFLW\LQHXNDU\RWLFFHOOV 
+HUHZHH[DPLQHSUHFOLQLFDOVLOYHUFRDWHGWLWDQLXPDOXPLQLXPQLRELXP7L$O1EDOOR\VDJDLQVW
ELRILOPIRUPLQJS. aureusDQGS. epidermidisin vitroDQGin vivoLQDVXEFXWDQHRXVWLVVXHFDJH
PRXVHPRGHO IRU LWVDFWLYLW\ WRSUHYHQW ,$, LWVSRVVLEOH WR[LFLW\DQGHPHUJHQFHRI UHVLVWDQFH
XSRQVLOYHUH[SRVXUH 
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0HWKRGV
0HGLDDQGFKHPLFDOVXEVWDQFHV)RUEDFWHULDOJURZWK WU\SWLFVR\EURWK 76%DQG0XHOOHU
+LQWRQ EURWK DQG DJDU 0+% DQG 0+$ ZHUH REWDLQHG IURP %HFWRQ 'LFNLQVRQ $OOVFKZLO
6ZLW]HUODQG6DOLQHDQGVWHULOHZDWHU³DTXDDGLQLHFWDELOLD´ZHUHREWDLQHGIURP%LFKVHO
,QWHUODNHQ6ZLW]HUODQG$J12ZDVDFTXLUHGIURP6LJPDDQGGLVVROYHGDVVWRFNVROXWLRQ LQ
VWHULOH ZDWHU )RU in vitro DQG in vivo H[SHULPHQWV WKH IROORZLQJ DQWLELRWLFV ZHUH XVHG
GDSWRP\FLQ '$3 &XELFLQ 1RYDUWLV DQG YDQFRP\FLQ 9$1 9DQFRFLQ 7HYD 3KDUPD
6WRFNVROXWLRQVRI'$3ZHUHSUHSDUHGLQVDOLQHDQGDOZD\VVXSSOHPHQWHGin vitroZLWK
PJ/PPRO/FDOFLXPLRQV&D&ODFFRUGLQJWRWKH&/6,JXLGHOLQHV6WRFNVROXWLRQV
RI9$1ZHUHSUHSDUHGLQZDWHU
6XUIDFH DOOR\V7KH VXUIDFHV XVHG LQ WKLV VWXG\ZHUH FRPSULVHG RI WLWDQLXPDOOR\V VXFK DV
7L$,1EFRUUHVSRQGLQJWR,62)RUWKHin vitroDJDULQKLELWLRQZHXVHGGLVFVRIPP
GLDPHWHUDQGPPWKLFNQHVV7KHVHZHUHJULWEODVWHGRQRQHVLGHZLWKDOXPLQDPLFURVSKHUHV
LQRUGHUWRREWDLQDURXJKQHVVIDFWRU5DRIPLFURQV)RUWKHin vivoDVVD\VF\OLQGULFDOFDJHV
VRFDOOHG WLVVXH FDJHV  [  [  PP YROXPH  PO PDGH RI WKH VDPH DOOR\V ZHUH
SURYLGHGE\0('$&7$Schaffhausen Switzerland
&RDWLQJ ZLWK VLOYHU 'LVFV DQG WLVVXH FDJHV ZHUH ILUVW FOHDQHG ZLWK DQ DONDOLQH VROXWLRQ
DFFRUGLQJWRWKHLQGXVWULDOSURFHVVDQGSUHWUHDWHGZLWKDP0LVRQLFRWLQLFDFLGOLQNHUPL[WXUH
>&+&O(W2+ @ $IWHU  K HDFK VSHFLPHQZDV LPPHUVHG WZLFH LQWR WKHPRWKHU OLTXRU
>(W2+7+)@RIP0VROXWLRQRIVLOYHU,FRPSRXQGEDVHGRQVLOYHUQLWUDWHDQGHWKDQHGL\O
ELVLVRQLFRWLQDWHOLJDQG (see also (DFKLPPHUVHGVSHFLPHQZDVLQFXEDWHGIRUKLQWKH
GDUNWKHUHDIWHUELRORJLFDOO\ZDVKHGZLWK+\GURIOXRURHWKHU,VRSURS\ODOFRKROVROXWLRQDQGILQDOO\
JDPPDVWHULOL]HGN*\
%DFWHULDO VWUDLQV DQG JURZWK FRQGLWLRQV 7KH IROORZLQJ EDFWHULDO VWUDLQV ZHUH XVHG S.
epidermidis 6(NLQGO\SURYLGHGE\3URI0DFN8QLYHUVLW\RI6ZDQVHD8., PHWKLFLOOLQ
UHVLVWDQW056( $7&&FRSSHUUHVLVWDQWS. aureus6$$7&&056$ $7&&
056$86$-(ZLOGW\SHDQGLWVSXWDWLYHǻ6LO(PXWDQWWUDQVSRVRQPXWDQWNQRFN
RXWRIJHQHORFXV6$86$BNLQGO\SURYLGHGE\3URI6FKUHQ]HO8QLYHUVLW\RI*HQHYD
6ZLW]HUODQG RULJLQDOO\ IURP WKH 1HEUDVND 7UDQVSRVRQ 0XWDQW /LEUDU\  PHWKLFLOOLQ
VXVFHSWLEOH066$$7&&066$³1HZPDQ´$7&&Enterobacter cloacae
(&$7&&DQG(&$7&&7KHVWUDLQVZHUHVWRUHGDW &ZLWK WKHFU\RYLDO
EHDGSUHVHUYDWLRQV\VWHP0LFUREDQN3UR/DE'LDJQRVWLFV5LFKPRQG+LOO2QWDULR&DQDGD
7KHLQRFXOXPIRU in vivoDQG in vitroVWXGLHVZDVSUHSDUHGDVSUHYLRXVO\SXEOLVKHG
%DFWHULDO QXPEHUV ZHUH GHWHUPLQHG E\ SODWLQJ DOLTXRWV IURP DSSURSULDWH GLOXWLRQV RQ 0+$
IROORZHGE\FRORQ\FRXQWLQJDIWHUKRILQFXEDWLRQDW&
0LQLPDO LQKLELWRU\ FRQFHQWUDWLRQ 0,& $FFRUGLQJ WR WKH &/6, JXLGHOLQHV D VWDQGDUG
LQRFXOXPRI  [ WR [&)8POZDVXVHG7KH0,&ZDVGHWHUPLQHGE\XVLQJIROG
GLOXWLRQV RI $J12 LQ0+%  7KH0,&ZDV WKH ORZHVW $J12 FRQFHQWUDWLRQ WKDW LQKLELWHG
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YLVLEOHEDFWHULDOJURZWK
,QGXFWLRQRIVLOYHUUHVLVWDQFH%DFWHULDDOOVWUDLQVPHQWLRQHGDERYHXVHGH[FHSWRI6$
ZHUH VHHGHG LQ IODWERWWRP ZHOO SODWHV DW  &)8PO LQ VHULDOO\ GLOXWHG $J12
FRQFHQWUDWLRQVUDQJLQJIURPJPOWRJPOLQ76%DQGLQFXEDWHGIRUKDW&
7KHUHDIWHU WKHEDFWHULDDW WKHKLJKHVW$J12FRQFHQWUDWLRQZLWKYLVLEOHJURZWKZHUHXVHG WR
LQRFXODWHDQG LQFXEDWHDQH[WZHOOSODWH LQH[DFWO\ WKHVDPHPDQQHU7KLVSURFHGXUHZDV
UHSHDWHG IRU  WLPHV 'HYHORSPHQW RI UHVLVWDQFH ZDV FRQVLGHUHG LI JURZWK RFFXUUHG DW D
$J12FRQFHQWUDWLRQRIDWOHDVWVHULDOGLOXWLRQVWHSVKLJKHUDVWKHVWHSEHIRUH
$JDU LQKLELWLRQ DVVD\V .LUE\%DXHU$VVD\7KH DJDU LQKLELWLRQ DVVD\ZDV SHUIRUPHG DV
SUHYLRXVO\SXEOLVKHG%ULHIO\0+$ZDVLQRFXODWHGZLWK6(RU6$[[
DQG[&)8PO7L$O1EGLVFVZHUHSODFHGLQWKLVDJDU7KHSODWHVZHUHLQFXEDWHGIRUK
DW&DQGWKHGLDPHWHURIWKHLQKLELWLRQ]RQHVDURXQGWKHGLVFVZHUHPHDVXUHG
4XDQWLILFDWLRQ RI ELRILOP DQG DGKHUHQW VWDSK\ORFRFFL DIWHU WUHDWPHQW ZLWK VLOYHU DQG
DQWLELRWLFV056$DW&)8POZHUHVHHGHGLQWRIODWERWWRPZHOOSODWHV%HFWRQ
'LFNLQVRQDQG&RPSDQ\$OOVFKZLO6ZLW]HUODQGDQGLQFXEDWHGZLWKRUZLWKRXWVLOYHUQLWUDWHDW
JPOLH0RUJPOLH0FRPELQHGZLWKJPO'$3LH
0RUJPO9$1LH0IRUKDW&$IWHU LQFXEDWLRQQRQDGKHUHQWEDFWHULD
ZHUH UHPRYHG DQG HDFK UHPDLQLQJ ELRILOP ZDV ZDVKHG WZLFH ZLWK 3%6 7KHQ WKH &)8 RI
DGKHUHQWEDFWHULDDVZHOODVELRILOPPDVVZHUHTXDQWLILHGE\SODWLQJDQGFU\VWDOYLROHWVWDLQLQJ
UHVSHFWLYHO\DVGHVFULEHGSUHYLRXVO\
$QLPDOPRGHO ,Q WKH $QLPDO +RXVH RI WKH 'HSDUWPHQW RI %LRPHGLFLQH 8QLYHUVLW\ +RVSLWDO
%DVHO  WR  ZHHNV ROG IHPDOH &%/ PLFH ZHUH NHSW XQGHU VSHFLILFSDWKRJHQIUHH
FRQGLWLRQVDFFRUGLQJ WR WKH UHJXODWLRQVRI WKH6ZLVVYHWHULQDU\ ODZDQGZLWKDSSURYDORI WKH
8QLYHUVLW\+RVSLWDO%DVHO$QLPDO(WKLFDO&RPPLWWHH0LFHZHUHDQHVWKHWL]HGYLDLQWUDSHULWRQHDO
LQMHFWLRQ RI  PJNJ NHWDPLQH .HWDODU 3IL]HU $* =ULFK 6ZLW]HUODQG DQG  PJNJ
[\OD]LQXP ;\ODVRO *UDHXE $* %HUQ 6ZLW]HUODQG 6WHULOH WLVVXH FDJHV ZHUH
VXEFXWDQHRXVO\LPSODQWHGXQGHUDVHSWLFFRQGLWLRQVLQWRDQDLUSRXFKPDGHLQWKHEDFNRIHDFK
PRXVH 7KH LQRFXOD FRQWDLQHG [  WR  [&)8RI EDFWHULD ZKLFKZHUH LQMHFWHG
GLUHFWO\ LQWR WKHFDJHSHUFXWDQHRXVO\HLWKHU LPPHGLDWHO\DIWHU LPSODQWDWLRQ LHSHULRSHUDWLYH
LQIHFWLRQ RU WZRZHHNV ODWHU LH SRVWRSHUDWLYH LQIHFWLRQ $IWHU VXUJHU\PLFH ZHUH WUHDWHG
ZLWKPJNJEXSUHQRUSKLQH7HPJHVLF(VVH[&KHPLH$*/X]HUQ7KHPLQLPDOLQIHFWLYH
GRVHZDVGHILQHGDVWKHFRXQWRI&)8WLVVXHFDJHZKLFKZDVUHTXLUHGWRLQGXFHDSHUVLVWHQW
LQIHFWLRQGD\VLQRIWKHWLVVXHFDJHVVHHDOVR)RUWKHH[SHULPHQWVZLWKSUH
RSHUDWLYH DQWLELRWLF SURSK\OD[LV ZH LQWUDSHULWRQHDOO\ DGPLQLVWHUHG '$3  K RU 9$1  PLQ
EHIRUH FDJH LPSODQWDWLRQDW FRQFHQWUDWLRQVSUHYLRXVO\GHWHUPLQHG  DQGDVGHWHUPLQHG LQ
WKH SKDUPDFRNLQHWLFSKDUPDFRG\QDPLF VWXGLHV 6DOLQH ZDV DGPLQLVWHUHG LQ WKH VDPH
ZD\DVDFRQWURO
7LVVXH FDJH IOXLG 7&) ZDV FROOHFWHG E\ SHUFXWDQHRXV DVSLUDWLRQ DW   DQG  GD\V DIWHU
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LQIHFWLRQDQG IRU6(DGGLWLRQDOO\DWGD\V7KHQXPEHUVRISODQNWRQLFEDFWHULD LQ WKH
7&)ZHUHGHWHUPLQHGE\SODWLQJDSSURSULDWHGLOXWLRQVRQ0+$SODWHV)LQDOO\ WKHFDJHVZHUH
H[SODQWHGDQGLQFXEDWHGLQ76%IRUKDW&$IWHUKWKHWLVVXHFDJHVZHUHYLJRURXVO\
YRUWH[HG,IQREDFWHULDOJURZWKZDVGHWHFWDEOHDIWHUSODWLQJWKHVDPSOHVRQ0+$WKHLQIHFWLRQ
ZDVFRQVLGHUHGSUHYHQWHG7KHSUHYHQWLRQUDWHZDVGHILQHGDV WKHQXPEHURIFDJHVZLWKRXW
JURZWKGLYLGHGE\WKHWRWDOQXPEHULQWKHLQGLYLGXDOWUHDWPHQWJURXS
3KDUPDFRNLQHWLFSKDUPDFRG\QDPLF VWXGLHV $QWLELRWLF FRQFHQWUDWLRQV LQ WKH 7&) RI QRQ
LQIHFWHGPLFHZHUHGHWHUPLQHGDIWHUDVLQJOHLQWUDSHULWRQHDODGPLQLVWUDWLRQRI9$1DWHLWKHU
PJNJRUPJNJERG\ZHLJKW'LYLGHG LQJURXSVRI WKUHHPLFH IRUHYHU\ WLPHSRLQW7&)
ZDVDVSLUDWHGDIWHUDQGPLQ&RQFHQWUDWLRQVRI9$1
ZHUH GHWHUPLQHG E\ XVLQJ D KLJKSHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ +3/& PHWKRG 7KH
CPD[PJOWKHDUHDXQGHUWKHFRQFHQWUDWLRQWLPHFXUYH$8&PJāKODQGWKHWHUPLQDOKDOI
OLIH t KZHUH FDOFXODWHGE\D FRPSXWHUDVVLVWHGPHWKRGDVSUHYLRXVO\GHVFULEHG $
GRVHRIPJNJERG\ZHLJKWZDVFKRVHQWRWDUJHWDQ$8&IURPWRK$8&±VLPLODU
WRWKDWLQKXPDQVDIWHUGRVHVRIJHYHU\KRXUVTKPJāKO
,QFDVHRI'$3DGRVHRIPJNJERG\ZHLJKWZDVFKRVHQWRREWDLQDQ$8&±VLPLODUWR
WKDWLQKXPDQVDIWHUDGRVHRIPJNJERG\ZHLJKW 
0HDVXUHPHQW RI VLOYHU FRQFHQWUDWLRQ 7KH VLOYHU FRQFHQWUDWLRQ LQ WKH 7&)ZDVPHDVXUHG
XVLQJ LQGXFWLYHO\ FRXSOHG SODVPDRSWLFDO HPLVVLRQ VSHFWURVFRS\ ,&32(6 3HUNLQ(OPHU
2SWLPD70'9PORIZDWHUZDVDGGHGWRHDFK7&)VDPSOHIROORZHGE\WKHDGGLWLRQRI
ORIQLWULFDFLGLQRUGHUWRNHHSWKHVLOYHULRQVLQVROXWLRQ7KHWLVVXHVDPSOHVZHUH
VXSSOHPHQWHGZLWK PORIZDWHU DQG WKHQJULQGHGDW &ZLWK WKHSRO\WURQ$IWHU D IXUWKHU
DGGLWLRQ RI  PO RI  QLWULF DFLG WKH VDPSOHV ZHUH VRQLFDWHG LQ WKH XOWUDVRQLF EDWK
7UDQVVRQLFGLJLWDO(OPDSRZHUOHYHOIRUPLQIROORZHGE\FHQWULIXJDWLRQDW¶USP
IRUPLQ6XSHUQDWDQWVRIWKHVDPSOHVZHUHFROOHFWHGILOWUDWHGDQGPHDVXUHGE\,&32(6
/HXNRF\WH YLDELOLW\ /HXNRF\WH QXPEHU DQG YLDELOLW\ LQ 7&)ZHUH DVVHVVHG E\ WU\SDQ EOXH
H[FOXVLRQ&HOOVZHUHH[DPLQHGXQGHUKLJKSRZHUOLJKWPLFURVFRS\
+LVWRORJLFDO VWDLQLQJ $IWHU FDJH H[SODQWDWLRQ WKH VXEMDFHQW WLVVXH ZDV FXW RXW DQG
WUDQVIHUUHGLQWRIRUPDOGHK\GHVROXWLRQ7KHUPR6FLHQWLILFLQ3%6$IWHURYHUQLJKWIL[DWLRQ
VDPSOHVZHUHHPEHGGHGLQSDUDIILQDQGPVHFWLRQVZHUHSUHSDUHGIRUKDHPDWR[\OLQHRVLQ
+(VWDLQLQJ
6WDWLVWLFDODQDO\VLV'DWDZHUHDQDO\]HGZLWK3ULVPI *UDSK3DG6RIWZDUH ,QFDQG WKH
0DQQ:KLWQH\WHVWZDVXVHGIRUVWDWLVWLFDODQDO\VHV
 
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5HVXOWV
6WHULOL]DWLRQ GRHV QRW GHFUHDVH DQWLVWDSK\ORFRFFDO DFWLYLW\ RI VLOYHU FRDWLQJ in vitro
7L$O1E DOOR\V DUH ZLGHO\ XVHG IRU RUWKRSHGLF LPSODQWV ,Q WKLV VWXG\ ZH DLP WR LQFUHDVH LWV
SRWHQWLDO E\ FRDWLQJ WKH DOOR\ ZLWK VLOYHU DQG WKHUHE\ UHQGHULQJ LW D VRXUFH RI DQWLEDFWHULDO
DFWLYLW\)RULWVFOLQLFDODSSOLFDWLRQLWLVRIJUHDWLPSRUWDQFHWKDWLWVWLOOUHWDLQVLWVSURSHUWLHVDIWHU
WKHVWHULOL]DWLRQSURFHGXUH+HQFHZHILUVWLQYHVWLJDWHGWKHDQWLEDFWHULDODFWLYLW\EHIRUHDQGDIWHU
JDPPDVWHULOL]DWLRQDQGDOFRKROGLVLQIHFWLRQLQDQDJDULQKLELWLRQDVVD\)LJ
6LOYHU FRDWLQJ UHVXOWHG LQ DQ LQRFXOXP GHSHQGHQW LQKLELWLRQ ]RQH IRU 6(  DQG 6$ 
*DPPDVWHULOL]DWLRQDQGDOFRKROGLVLQIHFWLRQGLGQRWGHFUHDVHWKHDFWLYLW\7KHLQKLELWLRQ]RQHV
RIVLOYHUFRDWHG7L$O1EDOOR\VZHUHWRPPIRU&)8POWR&)8PO6()RU
6$ZHREVHUYHGVOLJKWO\VPDOOHULQKLELWLRQ]RQHVZLWKWRPPIRU&)8POWR
&)8POEDFWHULD7KLVLVLQOLQHZLWKSUHYLRXVILQGLQJVWKDWVLOYHULVOHVVHIIHFWLYHLQWKHDJDU
LQKLELWLRQDVVD\DJDLQVWS. aureusDVFRPSDUHGWRS. epidermidis7KXVZHFRQILUPHGLQD
ILUVW VWHS WKDW VLOYHU FRDWLQJ RI 7L$O1E DOOR\ SURGXFHV D VWURQJ DQWLVWDSK\ORFRFFDO HIIHFW DQG
QHLWKHUJDPPDVWHULOL]DWLRQQRUDOFRKROGLVLQIHFWLRQLQIOXHQFHGLWVRXWFRPH
6LOYHUFRDWLQJRIWLVVXHFDJHVSUHYHQWVLQIHFWLRQZLWKS. epidermidis in vivo'XHWRWKHVH
SURPLVLQJ UHVXOWVZHQH[WZRQGHUHG LI WKH in vitroHIIHFWVFRXOGEH UHSURGXFHG in vivo LQ WKH
PRXVH WLVVXH FDJH LQIHFWLRQ PRGHO 7KHUHIRUH ZH FKDOOHQJHG VXEFXWDQHRXVO\ LQVHUWHG
VWHULOL]HGVLOYHUFRDWHG7L$O1EFDJHVZLWK6(DWWKHWLPHRIVXUJHU\LHSHULRSHUDWLYHO\
RUGD\VDIWHULPSODQWDWLRQLHSRVWRSHUDWLYHO\
7KH LQRFXOD UDQJHG IURP WKH PLQLPDO LQIHFWLYH GRVH RI  [  &)8FDJH XS WR  [ 
&)8FDJH 6LOYHU FRDWLQJ UHVXOWHG LQ D UDSLG LQLWLDO GHFUHDVH DQG FRPSOHWH FOHDUDQFH RI WKH
SODQNWRQLFEDFWHULDDWGD\ZLWKWKHORZHVWLQRFXOXP)LJ$:LWK[&)8FDJHVLOYHU
VWLOO PDQDJHG WR VLJQLILFDQWO\ GHFUHDVH WKH SODQNWRQLF EDFWHULD DIWHU  GD\V FRPSDUHG WR
XQFRDWHGFRQWUROV[&)8POYV[&)8POSYDOXH)LJ%+RZHYHUDW
WKHKLJKHVW LQRFXOXP )LJ &QRQHRI WKH VLOYHUFRDWHG FDJHVZDVDEOH WR FRQWURO EDFWHULDO
JURZWK SYDOXH  ,Q DFFRUGDQFH WKH LQIHFWLRQ SUHYHQWLRQ UDWHZDV LQRFXOXPGHSHQGHQW
)LJ ' ,Q WKH SHULRSHUDWLYH VHWWLQJ WKH ORZ LQRFXOXP UHVXOWHG LQ D   WKH PLGGOH
LQRFXOXP LQ D   DQG WKH KLJK LQRFXOXP LQ D  SUHYHQWLRQ UDWH :H VXEVHTXHQWO\
LQYHVWLJDWHGZKHWKHUWKLVHIIHFWZDVDOVRUHSURGXFLEOH LQDSRVWRSHUDWLYH LQIHFWLRQZLWKD ORZ
LQRFXOXPRI[&)8FDJH+HUHWKHSUHYHQWLRQUDWHZDVZLWKWKHFRDWHGFDJHV)LJ
(ZKHUHDVWKHXQFRDWHGFDJHVGLGQRWSUHYHQWDQ\LQIHFWLRQ
,QVXPPDU\ WKHVLOYHUFRDWLQJSUHYHQWVDQ LQIHFWLRQZLWKS. epidermidis LQDQ LQRFXOXPDQG
WLPHGHSHQGHQWPDQQHU
6LOYHULVUHOHDVHGHDUO\DIWHULPSODQWDWLRQ$IWHUGRFXPHQWLQJWKHVWURQJHUHIIHFWRIVLOYHULQ
SHULRSHUDWLYH WKDQ LQ SRVWRSHUDWLYH LQIHFWLRQVZHZHUH LQWHUHVWHG LQ WKHG\QDPLFVRI VLOYHU
UHOHDVH 7KHUHIRUH ZH PHDVXUHG WKH VLOYHU FRQFHQWUDWLRQ LQ WKH 7&) LQ SHUL DQG SRVW
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RSHUDWLYHLQIHFWLRQVZLWK6(
7KH VLOYHU FRQFHQWUDWLRQ LQ WKH 7&) VKRZHG D VLPLODU GHFUHDVH RYHU WLPH ZLWK RU ZLWKRXW
LQIHFWLRQRI6()LJ7KHVHFRQGGD\DIWHULPSODQWDWLRQWKHVLOYHUFRQFHQWUDWLRQZDV
JPOZLWK LQIHFWLRQYHUVXVJPOZLWKRXW LQIHFWLRQDIWHUGD\VJPO
YHUVXVJPODQGJPOYHUVXVJPODWGD\:KHQLQIHFWLQJWKHFDJHV
GD\VSRVWRSHUDWLYHO\WKHVLOYHUFRQFHQWUDWLRQZDVRQO\JPODWGD\%HWZHHQGD\
 DQG WKH VLOYHU FRQFHQWUDWLRQ IHOO EHORZ WKHSUHYLRXVO\ GHWHUPLQHG0,& $J12 RI 
JPO IRU 6(  VHH GRWWHG OLQH LQ )LJ  )URP WKHVH UHVXOWVZH FDQ FRQFOXGH WKDW WKH
UHOHDVHRIVLOYHULQWRWKH7&)LVPRVWO\LQGHSHQGHQWRIDQH[LVWLQJLQIHFWLRQ0RUHRYHUZHFDQ
H[SODLQ WKH ORZHU SUHYHQWLRQ UDWH LQ D SRVWRSHUDWLYH LQIHFWLRQ ZLWK WKH ORZHU VLOYHU
FRQFHQWUDWLRQDWWKHWLPHRILQIHFWLRQ
6LOYHUFRDWHG WLVVXH FDJHV UHGXFH SODQNWRQLF S. aureus, EXW DUH XQDEOH WR SUHYHQW
LQIHFWLRQ in vivo. 7RJHWKHU ZLWK S. epidermidis, S. aureus LV WKH OHDGLQJ FDXVH RI ,$,
7KHUHIRUHZHQH[WDSSOLHGWKHVLOYHUFRDWHGFDJHVDJDLQVW6$LQDSHULRSHUDWLYHLQIHFWLRQ
XVLQJWKHPLQLPDOLQIHFWLYHGRVHRI[&)8FDJH6LOYHUFRDWLQJRIWKHFDJHVZDVDEOHWR
FRQWURO WKH LQIHFWLRQ UHVXOWLQJ LQ  [  &)8PO LQ WKH 7&) DIWHU  GD\V ZKHUHDV WKH
XQFRDWHGFDJHVOHGWRDJURZWKXSWR[&)8POSYDOXHDIWHUGD\V)LJ
+RZHYHUQREDFWHULDOFOHDUDQFHDQGQRLQIHFWLRQSUHYHQWLRQZHUHDFKLHYHG,QDFFRUGDQFHQR
HIIHFW RQ WKH SODQNWRQLF DQG DGKHUHQW EDFWHULD ZDV GHWHFWHG LQ WKH SRVWRSHUDWLYH LQIHFWLRQ
VHWWLQJ GDWD QRW VKRZQ ,Q FRQFOXVLRQ VLOYHU FRDWLQJ VKRZHG D WUHQG RI FRQWUROOLQJ D SHUL
RSHUDWLYH LQIHFWLRQZLWKS. aureus EXW ZDV QRW FDSDEOH RI SUHYHQWLQJ LQIHFWLRQ )XUWKHU WKH
VLOYHU UHPDLQLQJ LQ WKH FDJHV DIWHU  GD\V GLG QRW DIIHFW JURZWK RU DGKHUHQFH RI SRVW
RSHUDWLYHO\LQRFXODWHGS. aureus
6LOYHU LQFUHDVHVEDFWHULFLGDO DFWLYLW\ RI YDQFRP\FLQ DQGGDSWRP\FLQ DJDLQVW DGKHUHQW
056$ in vitro. $V VLOYHU DORQHZDV QRW DEOH WR SUHYHQWS. aureus LQIHFWLRQZH TXHVWLRQHG
ZKHWKHU WKHDGGLWLRQRIDQWLELRWLFVZRXOG OHDG WRDQ LQFUHDVHGEDFWHULFLGDODFWLYLW\.7KHUHIRUH
ZHILUVWFRPELQHGVLOYHUZLWKJPOGDSWRP\FLQ'$3RUJPOYDQFRP\FLQ9$1in vitro
DQGPHDVXUHG WKH UHGXFWLRQRI ELRILOPE\XVLQJ FU\VWDO YLROHW VWDLQLQJ )LJ $ DQGVXUIDFH
DGKHUHQW056$E\&)8FRXQWLQJ)LJ%$WDFRQFHQWUDWLRQRIJPO$J12
FRUUHVSRQGLQJ WR WKH 0,& VLOYHU E\ LWVHOI UHGXFHG WKH ELRILOP E\   9$1 DQG '$3 E\
WKHPVHOYHV UHGXFHG WKH ELRILOP QHDUO\ FRPSOHWHO\ 7KH DGKHUHQW 056$ ZHUH UHGXFHG E\
DSSUR[LPDWHO\ ORJE\9$1RU'$3DORQHVHHGRWWHG OLQH)LJ%%\DGGLWLRQRIVLOYHUDW
0,&WKHDGKHUHQWEDFWHULDGHFUHDVHGE\DSSUR[LPDWHO\ORJLQDOOFRQGLWLRQV7DNHQWRJHWKHU
VLOYHU H[KLELWHG D VWURQJ UHGXFWLRQ RI ELRILOP DQG SURYHG WR KDYH DQ DGGLWLYH HIIHFW DJDLQVW
DGKHUHQW056$
-RLQWDFWLRQRIVLOYHUDQGGDSWRP\FLQSUHYHQWV056$LQIHFWLRQin vivo.:HVXEVHTXHQWO\
LQYHVWLJDWHGZKHWKHU WKHREVHUYHGFRPELQHGDFWLRQRI VLOYHUDQGDQWLELRWLFVZRXOGSUHYHQW D
056$ LQIHFWLRQ in vivo 7KH WLPLQJ RI WKH DQWLELRWLFV ZDV FKRVHQ DFFRUGLQJ WR WKH
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SKDUPDFRNLQHWLF 3. SURILOH VHH VXSSOHPHQWDO )LJXUH  WR DFKLHYH PD[LPDO HIIHFW 7KH
GRVLQJRI WKHDQWLELRWLFVZDVFRUUHODWHG WR WKHFOLQLFDOO\XVHGRQHV$VVLQJOHDJHQWVQHLWKHU
SUHRSHUDWLYH '$3 QRU 9$1 QRU VLOYHU FRDWHG FDJHV ZHUH VXIILFLHQW WR SUHYHQW D SHUVLVWHQW
LQIHFWLRQ ZLWK 056$ 5HPDUNDEO\ LQ FRPELQDWLRQ ZLWK SUHRSHUDWLYHO\ DSSOLHG '$3 VLOYHU
FRDWLQJ SUHYHQWHG WKH JURZWKRI SODQNWRQLF DVZHOO DV DGKHUHQW056$ UHVXOWLQJ LQ D 
SUHYHQWLRQ UDWH 7KH DGGLWLYH HIIHFW RI SUHRSHUDWLYH 9$1 OHG WR D VLJQLILFDQW UHGXFWLRQ RI
SODQNWRQLF JURZWK DQG SUHYHQWHG DGKHUHQFH LQ  7KH FRQWURO JURXS ZDV H[SRVHG WR
XQFRDWHG FDJHV DQG VDOLQH DQG VKRZHG QR EDFWHULDO JURZWK LQKLELWLRQ )LJ  7KXV WKH
DGGLWLYHHIIHFWRISUHRSHUDWLYH'$3DQGVLOYHUFRDWLQJZDVKLJKO\HIILFDFLRXV in vivo
1RLQGXFLEOHVLOYHUUHVLVWDQFHLQVWDSK\ORFRFFL'XHWRWKHVHSURPLVLQJUHVXOWVZHDVNHG
WKHTXHVWLRQZKHWKHUH[SRVXUHWRVLOYHUFRXOGLQGXFHUHVLVWDQFHLQVWDSK\ORFRFFL,IVRLWZRXOG
DEROLVK WKH HIILFDF\ RI VLOYHUFRQWDLQLQJ LPSODQWV EXW VR IDU QR VLOYHU UHVLVWDQFH KDV EHHQ
REVHUYHGLQ*UDPSRVLWLYHEDFWHULD+HQFHZHH[SRVHGVHYHQVWDSK\ORFRFFDO
FOLQLFDO LVRODWHV DQG $7&& VWUDLQV 066( 056( $7&& 066$ $7&& 
056$$7&&FRSSHUUHVLVWDQW6$$7&&056$86$DQGLWVSXWDWLYHǻ6LO(
PXWDQWDOOH[KLELWLQJD0,&$J12RIRUJPO WRVXELQKLELWRU\FRQFHQWUDWLRQVRI
VLOYHUDQGSHUIRUPHGVHULDOSDVVDJLQJYLDGDLO\VXEFXOWXULQJ ,QWHUHVWLQJO\QRVWDSK\ORFRFFDO
VWUDLQ VKRZHG D VLJQLILFDQW LQFUHDVH LQ VLOYHU UHVLVWDQFH GXULQJ  SDVVDJHV $V D SRVLWLYH
FRQWURO VXEFXOWXULQJ ZDV DOVR SHUIRUPHG ZLWK WZR *UDPQHJDWLYH VWUDLQV RI Enterobacter 
cloacae(&$7&&KDUERULQJWKHFKURPRVRPDOVLOYHUUHVLVWDQFHFDVVHWWH6LO3$%&56(
DQG(&$7&&ZLWKRXW NQRZQ VLOYHU UHVLVWDQFH (& VKRZHG LQLWLDOO\ WKH VDPH
VHQVLWLYLW\WRVLOYHUDVWKHVWDSK\ORFRFFDOVWUDLQV0,&JPOEXWEHFDPHKLJKO\UHVLVWDQW
DIWHU WKH WK SDVVDJH 0,& !  JPO2Q WKH RWKHU KDQG (&  GLG QRW GHYHORS D
VLOYHU UHVLVWDQFH GXULQJ  SDVVDJHV 7KHVH UHVXOWV UHLQIRUFH WKH DYDLODEOH HYLGHQFH WKDW
*UDPSRVLWLYH EDFWHULD VHHP WR ODFN WKH SRWHQWLDO RI D de novo GHYHORSPHQW RI VLOYHU
UHVLVWDQFH
&\WRWR[LFLW\RIVLOYHUUHOHDVHGIURPWLVVXHFDJHV&\WRWR[LFLW\RIVLOYHU LVDPDMRUFRQFHUQ
IRU LWV DSSOLFDWLRQ RQ LQGZHOOLQJ GHYLFHV DQG RUWKRSHGLF SURVWKHVHV  :H WKHUHIRUH
H[DPLQHGWKHWLVVXHVXUURXQGLQJWKHFDJHVPLFURVFRSLFDOO\IRUVLJQVRIVLOYHULQGXFHGGDPDJH
7KLV ZDV GRQH IRU  PLFH ZLWK XQFRDWHG DQG IRU  PLFH ZLWK FRDWHG FDJHV 7KHUH ZDV
FRQVLVWHQWO\ QR GLIIHUHQFH EHWZHHQ VLOYHU FRDWHG DQG XQFRDWHG FDJHV %RWK H[KLELWHG D
O\PSKRF\WLF SVHXGRFDSVXOH ZLWK VSRUDGLF SRO\PRUSKRQXFOHDU QHXWURSKLOV UHSUHVHQWDWLYH
LPDJHVLQ)LJZKLFKZDVDWWULEXWHGWRWKHQRUPDOZRXQGKHDOLQJSURFHVVLQUHVSRQVHWRWKH
VXEFXWDQHRXVIRUHLJQERG\
)XUWKHUZHTXDQWLILHGWKHSHUFHQWDJHRIYLDEOHOHXFRF\WHVLQWKH7&)GD\VDIWHULPSODQWDWLRQ
RIVLOYHUFRDWHGFDJHVRIOHXFRF\WHVZHUHYLDEOH$WGD\DOUHDG\ZHUHDOLYHDQG
DIWHU  GD\V WKH YLDELOLW\ IXUWKHU LQFUHDVHG WR   7KH XQFRDWHG FDJHV DOZD\V VKRZHG
DSSUR[YLDELOLW\)LJ
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'LVFXVVLRQ
,$, DUH GLIILFXOW WR WUHDW GXH WR WKHLU VWURQJO\ UHGXFHG VXVFHSWLELOLW\ WR DQWLELRWLFV DQG WR KRVW
LPPXQH GHIHQVHV )XUWKHUPRUH UHVLVWDQFH DJDLQVW FRPPRQO\ XVHG DQWLELRWLFV KDV JOREDOO\
HPHUJHGLQUHFHQW\HDUV1HZDQWLPLFURELDOFRDWLQJVRILPSODQWVXUIDFHVPD\WKHUHIRUHEHDQ
DWWUDFWLYHRSWLRQ WR UHGXFH WKH ULVNDQG LPSURYH WKH WUHDWPHQWRI ,$, /LWWOH LVNQRZQ
DERXWWKHHIILFDF\RIVLOYHURQELRILOPIRUPLQJVWDSK\ORFRFFLin vivo+HUHZHVKRZ WKDWVLOYHU
FRDWHG7L$O1EFDJHVHIIHFWLYHO\SUHYHQWHG ,$, E\S. epidermidis in vivo. ,Q FRPELQDWLRQZLWK
'$3RU9$1WKHVLOYHUFRDWLQJDOVR WKZDUWHG056$ LQIHFWLRQV$GGLWLRQDOO\ WKHVLOYHUFRDWHG
FDJHVGHPRQVWUDWHGDORZWR[LFLW\DJDLQVWGLUHFWO\H[SRVHGFHOOVDQGLQWKHVXUURXQGLQJWLVVXH
(PHUJHQFH RI VLOYHU UHVLVWDQFH ZDV QRW REVHUYHG LQ VHYHUDO VWUDLQV RI VWDSK\ORFRFFL ZKLFK
KDYH EHHQ H[SRVHG GXULQJ  SDVVDJHV 7KXV VLOYHU FRDWLQJ LV D SURPLVLQJ VWUDWHJ\ IRU
ORZHULQJWKHULVNRI,$,
7L$O1E ZDV FKRVHQ DV EDVH IRU WKH VLOYHU FRDWLQJ VLQFH WLWDQLXP DQG LWV DOOR\V KDYH
GRFXPHQWHG JRRG ELRFRPSDWLELOLW\ LQ SDWLHQWV ZLWK RUWKRSHGLF LPSODQWV  ,Q WKH SUHVHQW
VWXG\ VLOYHUFRDWLQJZDVVWDEOHDQGNHSW LWVDFWLYLW\DIWHUJDPPDVWHULOL]DWLRQDQGGLVLQIHFWLRQ
ZLWKDOFRKRO
6LOYHUKDVDEURDGDQWLPLFURELDOVSHFWUXP5HFHQW in vitroGDWDGHPRQVWUDWHWKDWGLIIHUHQW
VLOYHUFRPSRXQGVDUHHIILFDFLRXVLQHUDGLFDWLQJEDFWHULDOELRILOPV ,QWHUHVWLQJO\WKLVHIIHFW
ZDVVWUDLQDQGVSHFLHVGHSHQGHQWZLWKDVWURQJHUDFWLYLW\DJDLQVW*UDPQHJDWLYHEscherichia 
coli DQG Pseudomonas aeruginosa WKDQ DJDLQVW *UDPSRVLWLYH S. aureus 6LPLODUO\ ZH
REVHUYHGDFRQVLGHUDEOHYDULDQFHZLWKLQWKHJHQXVRIVWDSK\ORFRFFLS. epidermidisZDVPRUH
VXVFHSWLEOH WR $J12 WKDQ S. aureus in vitro, DQG ZDV HUDGLFDWHG E\ VLOYHU HYHQ ZLWKRXW
DGGLWLRQDODQWLELRWLFV in vivo7KH ORZHUVXVFHSWLELOLW\RIS. aureus WRVLOYHUPD\EHGXH WR LWV
YDVWDUPDPHQWDULXPRIYLUXOHQFH IDFWRUV RU WRDQRW\HW UHFRJQL]HGSURWHFWLYH IDFWRU ,Q
OLQH WKH KLJKHU UHFDOFLWUDQFH RI S. aureus FRPSDUHG WR S. epidermidis LQ ,$, ZDV DOVR
GHPRQVWUDWHGLQDQDQDO\VLV RIFOLQLFDOGDWD
,Q WKH SUHVHQW VWXG\ ERWK in vitro DQG in vivo DVVD\V UHYHDOHG DQ LQRFXOXP DQG GRVH
GHSHQGHQWHIIHFWRIVLOYHU$FFRUGLQJO\S. epidermidisDW[&)8FDJHZDVFOHDUHG in vivo 
WR  ZKHUHDV KLJKHU LQRFXOD RI  &)8FDJH ZHUH RQO\ SDUWLDOO\ HUDGLFDWHG DQG 
&)8FDJHQRWDWDOO5HPDUNDEO\WKHNLOOLQJRIORZLQRFXOXPS. epidermidis RFFXUUHGRYHUWLPH
DQGQRWDWRQFH7KHUHZDVDQLQLWLDOUDSLGGHFUHDVHRIEDFWHULDOQXPEHUVIROORZHGE\DVORZHU
VWHDG\ UHGXFWLRQ XQWLO QR YLDEOH EDFWHULD FRXOG EH GHWHFWHG DW GD\  DIWHU LQIHFWLRQ 7KHVH
ILQGLQJVZHUH IXUWKHU VXSSRUWHGZKHQ WLVVXH FDJHVZHUHH[SODQWHGRQ WKH VHFRQGGD\DIWHU
LQIHFWLRQ7ZRRXWRIFDJHVUHPDLQHGLQIHFWHGZKHUHDVH[SODQWDWLRQRQGD\\LHOGHGD
FOHDUDQFH GDWD QRW VKRZQ 7KLV EHKDYLRU PD\ KDYH YDULRXV UHDVRQV WKHUH PD\ EH WZR
GLIIHUHQW EDFWHULDO SRSXODWLRQV WKH ILUVW PRUH VXVFHSWLEOH WR VLOYHU DQG WKH VHFRQG PRUH
UHVLVWDQW WKXV WDNLQJ ORQJHU WR EH HUDGLFDWHG )XUWKHUPRUH WKH VXUYLYDO FXUYH FRXOGPHUHO\
UHIOHFW WKH GHFUHDVLQJ FRQFHQWUDWLRQ RI VLOYHU LQ WKH 7&) UHDFKLQJ D WKUHVKROG ZKHUH WKH
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HUDGLFDWLRQRI WKHEDFWHULDGHSHQGVRQ WKHKRVW LPPXQHGHIHQVH7KHVLOYHUFRQFHQWUDWLRQ LQ
WKH7&)GHFOLQHGUDSLGO\IURPJPORQWKHVHFRQGGD\DIWHULPSODQWDWLRQWRJPODIWHU
WZRZHHNV7KLVFRUUHVSRQGHGWRLQLWLDOFRQFHQWUDWLRQVRIDOPRVWWLPHVWKH0,&JPO
IRUS. epidermidisWRPXFKORZHUOHYHOVDIWHUWZRZHHNV1HYHUWKHOHVVRIWKHFDJHVZHUH
FOHDUHG LQ DQ LQIHFWLRQ WZR ZHHNV DIWHU LPSODQWDWLRQ ZLWK  [  S. epidermidis &)8FDJH
VXSSRUWLQJWKHDGGLWLRQDOHIIHFWRIWKHKRVWLPPXQHGHIHQVH
3HULRSHUDWLYHDQWLELRWLFSURSK\OD[LV±FRUUHFWO\ WLPHGDQGDGPLQLVWHUHG± LVNQRZQ WR UHGXFH
WKHULVNRI,$, +RZHYHULQWKHODVWGHFDGHWKHLQIHFWLRQUDWHDIWHULPSODQWDWLRQ
RISURVWKHVLVKDVUHPDLQHGXQFKDQJHGUDQJLQJEHWZHHQ±IRUKLSDQGNQHHSURVWKHVHV
LQSULPDU\DUWKURSODVW\DQGLQFUHDVLQJXSWRLQVHFRQGDU\UHYLVLRQVDIWHU,$,3UHYLRXV
in vitro GDWD GHPRQVWUDWH WKDW DQWLELRWLFV IDLO WR HUDGLFDWH VXUIDFHDGKHUHQW EDFWHULD
LQGHSHQGHQWRIELRILOPIRUPDWLRQ VXJJHVWLQJWKDWSHULRSHUDWLYHDQWLELRWLFVPD\
RQO\ UHGXFH WKHEDFWHULDO ORDGDURXQG WKH LPSODQWEXWQRWHUDGLFDWHDOUHDG\ LPSODQWDWWDFKHG
EDFWHULD,QDFFRUGDQFHLQRXU in vivoPRGHOSHULRSHUDWLYHSURSK\OD[LVDORQHGLGQRWSUHYHQW
DQ\LQIHFWLRQZLWK056$5HPDUNDEO\ LQFRPELQDWLRQZLWKVXUIDFHFRDWHGVLOYHUDSUHYHQWLRQ
UDWHRIZLWK'$3DQGZLWK9$1ZDVDFKLHYHG7KLVHIIHFWSUHVXPDEO\UHVXOWHGIURP
DGGLWLRQDONLOOLQJRIWKHSODQNWRQLFEDFWHULDWKURXJKUHOHDVHGVLOYHUDVZHOODVNLOOLQJXSRQGLUHFW
FRQWDFWWRWKHVLOYHUFRDWHGVXUIDFH
)LIW\VHYHQ WRRISURVWKHWLF MRLQW LQIHFWLRQVRFFXUSHULRSHUDWLYHO\  7KHUHIRUH
WKHUDSLGUHOHDVHRIVLOYHULQWKHILUVWGD\VDIWHULPSODQWDWLRQPDNHVWKHVHFRDWLQJVDWWUDFWLYHIRU
PD[LPL]LQJ WKH HIILFDF\ RI SHULRSHUDWLYH SURSK\OD[LV DQG VLPXOWDQHRXVO\ PLQLPL]LQJ D
SURORQJHG WR[LF HIIHFW (VSHFLDOO\ LQ FDVH RI RQHVWDJH H[FKDQJH RI D GHYLFH IRU ,$, UH
LPSODQWDWLRQ RI D VLOYHU FRDWHG SURVWKHVLV ZRXOG H[HUW DQ DGGLWLRQDO ORFDO HIIHFW DJDLQVW WKH
UHPDLQLQJ EDFWHULD LQ WKH WLVVXH DIWHU VXUJLFDO GHEULGHPHQW &OLQLFDO VWXGLHV DUH QHHGHG WR
GHPRQVWUDWH WKH HIILFDF\ RI WKH FRDWLQJ LQ WKLV VHWWLQJ ,Q WKLV UHJDUG HQFRXUDJLQJ FOLQLFDO
UHVXOWVZHUHVHHQ LQDUHWURVSHFWLYHVWXG\ZLWKDQRWKHUVLOYHUFRDWLQJRQHQGRSURWKHVHV 
0RUHRYHURWKHUVLOYHUFRPSRXQGVVXFKDVVLOYHUR[\QLWUDWHPD\EHPRUHHIILFDFLRXVDJDLQVW
ELRILOP DV UHFHQWO\ VKRZQ  7KH SUHVHQWHG FRDWLQJ KDV SUREDEO\ QR HIIHFW LQ ODWH
KHPDWRJHQRXV,$,GXH WR WKH IDVW UHOHDVHRIVLOYHU7RRYHUFRPHWKLV LVVXHWULJJHUHGUHOHDVH
SODWIRUPVFRXOGEHSURPLVLQJ
)RU D VXVWDLQDEOH FOLQLFDO XWLOL]DWLRQ DQ DQWLPLFURELDO VKRXOG KDYH D ORZSURSHQVLW\ WR LQGXFH
EDFWHULDO UHVLVWDQFH 6LOYHU UHVLVWDQFH LV VR IDU RQO\ NQRZQ LQ *UDPQHJDWLYH EDFWHULD
(VSHFLDOO\ LQ VWDSK\ORFRFFL EHLQJ WKHPRVW IUHTXHQW SDWKRJHQ LQ ,$,ZH LQWHQGHG WR LQGXFH
VLOYHU UHVLVWDQFH E\ SHUIRUPLQJ VHULDO H[SRVXUH WR VXELQKLELWRU\ VLOYHU FRQFHQWUDWLRQV 
$PRQJ RWKHUV ZH FKRVH VWDSK\ORFRFFL ZLWK SXWDWLYH SRWHQWLDO RI VLOYHU UHVLVWDQFH 2QH
KDUERUHGFKURPRVRPDOO\DKRPRORJXHRI6LO(DSURWHLQEHORQJLQJWRWKHVLOYHUUHVLVWDQFH
PHFKDQLVP LQ *UDPQHJDWLYHV $QRWKHU SRVVHVVHG D FRSSHUUHVLVWDQFH  DV D SRVVLEOH
FURVVPHFKDQLVP1RQHRIWKHWHVWHGVWDSK\ORFRFFDOVWUDLQVJDLQHGVLOYHUUHVLVWDQFHDIWHU
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SDVVDJHV ,QFRQWUDVW WKH*UDPQHJDWLYHEnterobacter cloacae $7&&ZLWKJHQRPLF
HQFRGHGVLOYHUUHVLVWDQFHFDVVHWWHEHFDPHUHVLVWDQWDIWHUF\FOHVZKHUHDVDQRWKHUUDQGRPO\
FKRVHQEnterobacter cloacae $7&&GLGQRWDFTXLUH UHVLVWDQFH ,WKDV UHFHQWO\EHHQ
VKRZQLQ*UDPQHJDWLYHEDFWHULDWKDWVLOYHUUHVLVWDQFHUHTXLUHVDQHIIOX[WUDQVSRUWV\VWHPDQG
HLWKHU D ORVV RI RXWHU PHPEUDQH SRULQ RU DQ DGGLWLRQDO SHULSODVPDWLF VLOYHUVHTXHVWUDWLRQ
SURWHLQ 2XUVWXG\VWUHQJWKHQVWKHIDFWWKDWWKLVFRQFHUWHGDFWLRQDJDLQVWLQWUDFHOOXODUVLOYHU
LV VR IDU QHLWKHU NQRZQ WR EH LQKHUHQW QRU LQGXFLEOH IRU*UDPSRVLWLYHEDFWHULDZKLFKPDNHV
VLOYHUFRDWLQJVLQWHUHVWLQJIRUFOLQLFDOXVH
&\WRWR[LFLW\ RI VLOYHU LV GHEDWHG :H IRXQG LQ WKH 7&) RQO\ D PRGHVW LQLWLDO GHFUHDVH RI
OHXNRF\WHYLDELOLW\PLQLPDODQGDUDSLGUHFRYHU\DIWHUDSSUR[LPDWHO\GD\V7KHVHGDWD
DUHIXUWKHUVWUHQJWKHQHGE\WKHIDFWWKDWWKHVXUURXQGLQJWLVVXHZDVFRPSDUDEOHLQFRDWHGDQG
XQFRDWHG FDJHV 7KHVH ILQGLQJV VKRZ WKDW VLOYHU LQ WKLV VHWWLQJ KDV D QHJOLJLEOH HIIHFW RQ
HXNDU\RWLFFHOOVDQGDSSHDUVWREHVDIHIRUFOLQLFDOXVH7KLV LV LQDFFRUGDQFHZLWKSUHYLRXVO\
SXEOLVKHG UHVXOWV RI FOLQLFDOO\ XVHG VLOYHUFRDWHG PHJDSURVWKHVHV IRU SDWLHQWV ZLWK ERQH
VDUFRPD,QRXUVHWWLQJDVKLJKVLOYHUFRQFHQWUDWLRQVDUHRQO\SUHVHQWZLWKLQWKH
ILUVW GD\V DIWHU LPSODQWDWLRQ D ORQJ WHUP H[SRVXUH DQG WR[LFLW\ RI WKH VXUURXQGLQJ FHOOV LV
SUREDEO\QHJOLJLEOH:HGLGQRWPHDVXUHWKHV\VWHPLFH[SRVXUHRIVLOYHULQWKHEORRGDQGRWKHU
GLVWDQWWLVVXHVZKHUHVLOYHUSRWHQWLDOO\FRXOGDFFXPXODWHHJOLYHUNLGQH\VERQH&RPSDUHG
WRSXEOLVKHGOHYHOVRIVLOYHUFRQFHQWUDWLRQVRIXSWR¶JJGU\ZHLJKW LQWKHOLYHURIHJ
VKHHS ZLWKRXW DQ\ YLVLEOH WR[LFLW\  ZH DVVXPH RXU FRDWLQJ WR UHVXOW LQ ORZHU OHYHOV
1HYHUWKHOHVVWKHVHVLOYHUFRDWLQJVQHHGWREHLQYHVWLJDWHGIXUWKHU IRUV\VWHPLFDQGORQJWHUP
WR[LFLW\RVVHRLQWHJUDWLRQDQGWKHLUUHODWHGWR[LFLW\WRRVWHREODVWVDQG±FODVWVin vivo
,Q FRQFOXVLRQ RXU ILQGLQJV LQGLFDWH WKDW VLOYHU FRDWHG 7L$O1E LPSODQWV DUH DEOH WR HIILFLHQWO\
SUHYHQW SRVWRSHUDWLYH LQIHFWLRQV HVSHFLDOO\ LQ FRQMXQFWLRQ ZLWK SHULRSHUDWLYH DQWLELRWLF
SURSK\OD[LV 3DUWLFXODUO\ LQ KLJK ULVN KLJK EDFWHULDO EXUGHQ VLWXDWLRQV DV LQ LQIHFWLRQ UHYLVLRQ
VXUJHU\ VLOYHU FRDWHG 7L$O1E LPSODQWV PD\ EH JRRG DQG VDIH FDQGLGDWHV WR UHGXFH WKH
LQIHFWLRQUDWH
 
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$FNQRZOHGJHPHQW

7KLVVWXG\ZDVVXSSRUWHGE\WKH6WLIWXQJ)RUVFKXQJ,QIHNWLRQVNUDQNKHLWHQWKH6ZLVV1DWLRQDO
)RXQGDWLRQ JUDQW3=3B, WR1. DQG IURP WKH&RPPLVVLRQ IRU7HFKQRORJ\DQG
,QQRYDWLRQ&7,JUDQW3))/501
:HWKDQN5)UHLDQG$(JOLIRUSURYLGLQJEDFWHULDOVWUDLQVDQGSHUIRUPLQJUHVLVWDQFHWHVWLQJ
:HDOVRWKDQN&DWLD0DU]ROLQLIRUWKHFDOFXODWLRQRIWKHSKDUPDFRNLQHWLFVDQG5HJLQH
/DQGPDQQDQG:HUQHU=LPPHUOLIRUFULWLFDOGLVFXVVLRQDQGUHYLHZ
 
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)LJXUHOHJHQGV
)LJXUH  $JDU LQKLELWLRQ DVVD\ ZLWK VLOYHUFRDWHG GLVFV 7L$O1E EHIRUH DQG DIWHU
VWHULOL]DWLRQ ,QKLELWLRQ ]RQHV IURPGLIIHUHQW LQRFXODRIS. epidermidis $DQGS. aureus %
5HVXOWVDUHPHDQ6'IURPWKUHHLQGHSHQGHQWH[SHULPHQWVS
)LJXUH6LOYHUFRDWHGRSHQFLUFOHVDQGXQFRDWHGFORVHGFLUFOHVWLVVXHFDJHLQIHFWLRQ
ZLWKS. epidermidis  LQ &%/PLFH 3ODQNWRQLF &)8 LQ WKH WLVVXH FDJH IOXLG IURP
GLIIHUHQWLQLWLDOLQRFXODLQSHULRSHUDWLYHLQIHFWLRQV[&)8FDJH$[&)8FDJH%
DQG  [  &)8FDJH & 3UHYHQWLRQ UDWH IRU VLOYHU FRDWHG RSHQ FROXPQV DQG XQFRDWHG
FORVHGFROXPQV7L$O1EFDJHVIRUSHULRSHUDWLYH'DQGSRVWRSHUDWLYH(LQIHFWLRQV5HVXOWV
DUHPHDQ6'IURPWKUHHLQGHSHQGHQWH[SHULPHQWVIRU[&)8FDJHZLWKQ DQG[
&)8FDJHZLWKQ DQGRQHH[SHULPHQWIRU[&)8FDJHZLWKQ SS
S
)LJXUH  6LOYHU FRQFHQWUDWLRQ LQ WLVVXH FDJH IOXLG IURP SHULRSHUDWLYH $ RU SRVW
RSHUDWLYH % LQIHFWLRQV 5HVXOWV DUH PHDQ  6' IURP DW OHDVW WKUHH LQGHSHQGHQW
H[SHULPHQWVQIRUSHULRSHUDWLYHLQIHFWLRQQ IRUSRVWRSHUDWLYHLQIHFWLRQ'RWWHGOLQH
UHSUHVHQWVWKH0,&RIS. epidermidis IRU$J12
)LJXUH(IIHFWRIVLOYHUDJDLQVWS. aureus  LQ&%/PLFH3ODQNWRQLF&)8 LQ WKH
WLVVXHFDJHIOXLG$RIVLOYHUFRDWHGRSHQFLUFOHVDQGXQFRDWHGFORVHGFLUFOHV7L$O1EFDJHV
DQG LQIHFWLRQ SUHYHQWLRQ UDWH % RI VLOYHU FRDWHG OHIW FROXPQ DQG XQFRDWHG ULJKW FROXPQ
7L$O1EFDJHV IURP LQLWLDO LQRFXOXPRI[&)8FDJH LQDSHULRSHUDWLYH LQIHFWLRQ5HVXOWV
DUHPHDQ6'IURPRQHH[SHULPHQWZLWKHLJKWPLFH
)LJXUH   In vitro HIIHFW RI VLOYHU DORQH RU LQ FRPELQDWLRQZLWK YDQFRP\FLQ 9$1 RU
GDSWRP\FLQ'$3RQELRILOP$DQGDGKHUHQW&)8%RIPHWKLFLOOLQUHVLVWDQWS. aureus
056$$7&&'RWWHG OLQH LQ% UHSUHVHQWV WKH ORJ UHGXFWLRQFRPSDUHG WRFRQWURO
ZLWKVDOLQH5HVXOWVDUHPHDQ6'IURPWKUHHLQGHSHQGHQWH[SHULPHQWV
)LJXUH  ,QIHFWLRQ SUHYHQWLRQ UDWH RI VLOYHUFRDWHG RU XQFRDWHG WLVVXH FDJHV LQIHFWHG
ZLWK PHWKLFLOOLQ UHVLVWDQW S. aureus 056$ $7&&  LQ &%/ PLFH $QWLELRWLF
SURSK\OD[LVZLWKGDSWRP\FLQ '$3RUYDQFRP\FLQ 9$16DOLQH 6$/ZDVXVHGDVFRQWURO
5HVXOWVDUHIURPDWOHDVWWZRVHSDUDWHH[SHULPHQWV'$3Q9$1QVDOLQHQ
)LJXUH5HSUHVHQWDWLYHPLFURVFRSLF LPDJHVIURPWLVVXHVXUURXQGLQJXQFRDWHG$RU
VLOYHU FRDWHG % WLVVXH FDJHV LQ &%/ PLFH  [ PDJQLILFDWLRQ VWDLQLQJ ZLWK
KDHPDWR[\OLQHRVLQ JUDQXODWLRQ WLVVXHVXUURXQGLQJ IRUPHUFDJHV  IRUPHUVSDFHRI WLVVXH
FDJH
)LJXUH  /HXFRF\WH YLDELOLW\ LQ WKH WLVVXH FDJH IOXLG IURP VLOYHUFRDWHG RSHQ FLUFOHV
DQG XQFRDWHG FORVHG FLUFOHV WLVVXH FDJHV 5HVXOWV DUH PHDQ  6' IURP DW OHDVW WKUHH
LQGHSHQGHQWH[SHULPHQWVQ

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